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METHOD FOR PROVIDING A MAGNETIC
RECORDING TRANSDUCER

BACKGROUND

FIG. 1 depicts a conventional method 10 for forming a
tunneling magnetoresistive element 1n a read transducer. The
read transducer includes a magnetic tunneling junction
formed using the method 10. The layers in the magnetoresis-
tive sensor, or stack, below the conventional tunneling barrier
layer are deposited, via step 12. The magnetoresistive stack 1s
typically formed on other structures, such as, shield(s), and/or
write transducer(s). The magnetoresistive stack layers are
typically blanket deposited. The layers below the tunneling
barrier layer typically include seed layer(s), a conventional
antiferromagnetic (AFM) layer, and a conventional pinned
layer. A metallic Mg layer may optionally be deposited, via
step 14. The Mg layer may be desired for the conventional
MgQO barrier layer. A conventional MgO barrier layer is
deposited, via step 16. The conventional MgQO barrier layer 1s
a crystalline 1nsulator. After deposition of the conventional
MgO barrier layer, the transducer may be heated at a high
temperature 1n situ, via step 18. Thus, the conventional trans-
ducer may be heated 1n the deposition chamber 1n which the
MgO barrier layer 1s formed. In general, a high temperature
on the order of three or four hundred degrees Celsius or higher
1s used. A free layer 1s provided, via step 20. Fabrication of the
conventional tunneling magnetoresistive element, as well as
the remainder of the transducer may then be completed, via
step 22. Step 22 may include defimng the conventional tun-
neling magnetoresistive element, which 1s to be a read sensor,
in the track width and stripe height directions. Other struc-
tures, such as hard bias structures, contacts, shields, and write
transducers may also be formed. The track width direction 1s
parallel to the air-bearing surface (ABS) and generally per-
pendicular to the layers of the magnetoresistive stack.

Although the method 10 may be used to fabricate a tunnel-
ing magnetoresistive element, there may be drawbacks. For
use 1n high density magnetic recording devices, for example
on the order of five hundred gigabits per square inch 1t 1s
desirable for the tunneling magnetoresistive element to have
certain characteristics. A low resistance times area (RA), for
example less than one Q-um?, as well as a high tunneling
magnetoresistance (MR ) are desired for fast recording and a
high signal to noise ratio (SNR). However, the conventional
crystalline tunneling barrier fabricated using the conventional
method 10 may produce msufficient RA and TMR for high
density recording applications. Use of the Mg layer provided
in step 14 may improve the crystallimity of the conventional
MgO barrier layer and thus the RA and TMR. However, the
improvement in RA and TMR may be insutificient. Further,
heating performed 1n step 18 may not significantly improve
the conventional MgO barrier layer and may cause diffusion
of portions of the pmning layer and SAF, which adversely
impacts performance of the conventional magnetic element.
Consequently, an improved tunneling barrier layer and thus
an improved magnetoresistive element for use in high density
recording are still desired.

BRIEF SUMMARY OF THE INVENTION

A method and system for providing a magnetic recording
transducer 1s described. The method and system include pro-
viding a pinned layer for a magnetic element. In one aspect, a
portion of a tunneling barrier layer for the magnetic element
1s provided. The magnetic recording transducer annealed 1s
after the portion of the tunneling barrier layer 1s provided. The
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annealing 1s at a temperature higher than room temperature. A
remaining portion of the tunneling barrier layer 1s provided
alter the annealing. In another aspect, the magnetic trans-
ducer 1s transierred to a high vacuum annealing apparatus
before annealing the magnetic transducer. In this aspect, the
magnetic transducer may be annealed before any portion of
the tunneling barrier 1s provided or after at least a portion of
the tunneling barrier 1s provided. The annealing 1s performed

in the high vacuum annealing apparatus. A free layer for the
magnetic element 1s also provided.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1 1s a flow chart depicting a conventional method for
fabricating a read transducer.

FIG. 2 1s a flow chart depicting an exemplary embodiment
of a method for fabricating a read transducer.

FIG. 3 1s a flow chart depicting another exemplary embodi-
ment of a method for fabricating a read transducer.

FIG. 4 depicts an exemplary embodiment of a magnetore-
sistive structure.

FIG. 5 depicts an exemplary embodiment of a transducer
including a magnetoresistive structure.

FIG. 6 1s a flow chart of another exemplary embodiment of
a method for fabricating a magnetic transducer.

FIG. 7 depicts another exemplary embodiment of a mag-
netic element.

FIG. 8 depicts an exemplary embodiment of a magnetic

recording head incorporating a magnetic recording trans-
ducer.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

L1
]

ERRED

FIG. 2 1s a flow chart of an exemplary embodiment of a
method 100 for fabricating a magnetoresistive element, par-
ticularly a tunneling magnetoresistive element for use as a
read sensor 1n a read transducer. For simplicity, some steps
may be omitted or combined with other steps. The method
100 also may commence after formation of other structures of
the read transducer, such as shields. The method 100 1s also
described 1n the context of providing a single magnetoresis-
tive structure. However, the method 100 may be used to
fabricate multiple structures at substantially the same time.
The method 100 1s also described 1n the context of particular
layers. However, 1n some embodiments, such layers may
include sub-layer(s).

A pinned layer of the magnetic element 1s provided, via
step 102. In one embodiment, the pinned layer 1s provided on
a pinning layer or other layer configured to {ix, or pin, the
magnetization of the pinned layer 1n a particular direction.
The direction may 1nclude but not limited to perpendicular to
the ABS. In another embodiment, the pinned layer might be
provided after the MgO barrier layer described below. In such
an embodiment, the pinning layer might be provided on the
pinned layer. In one embodiment, the pinned layer 1s desired
to be a synthetic antiferromagnet (SAF). In such an embodi-
ment, step 102 includes depositing at least two ferromagnetic
layers separated by a nonmagnetic spacer layer. In some
embodiments, the ferromagnetic layers are antiferromagneti-
cally coupled.

A portion of a tunneling barrier layer 1s provided for the
magnetic element, via step 104. The tunneling barrier layer
provided 1s desired to be crystalline. Consequently, step 104
may include depositing MgO such that a portion of the barrier
layer 1s formed. In one embodiment, at least twenty percent of
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the total thickness of the tunneling barrier layer 1s deposited in
step 104. For example, in one embodiment, two Angstroms of
a ten Angstrom-thick barrier layer 1s deposited 1n step 104. In
another embodiment, not less than forty percent of the total
thickness of the tunneling barrier 1s provided 1n step 104.
Thus, four Angstroms of a then Angstrom-thick barrier layer
may be provided 1n step 104. In another embodiment, not less
than eighty percent of the tunneling barrier layer 1s provided
in step 104. Other thicknesses and other percentages are
possible for the portion of the tunneling barrier layer depos-
ited 1n step 104. However, less than all of the tunneling barrier
1s provided in step 104. In addition, a thin Mg layer may also
be provided 1n step 104. For example, a Mg layer having a
thickness of less than four Angstroms may be formed.

The magnetic recording transducer i1s annealed after the
portion of the tunneling barrier layer 1s provided, via step 106.
The temperature of the anneal 1n step 106 1s greater than room
temperature. However, the temperature 1s relatively low. In
some embodiments, the temperature used 1s not more than
four hundred degrees Celsius. In some embodiments, the
anneal 1s at a temperature that 1s not more than three hundred
degrees Celsius. In some embodiments, the anneal tempera-
ture 1s not more than two hundred degrees Celsius. In some
such embodiments, the temperature 1s at least one hundred
degrees Celsius. In some embodiments, the anneal may take
place 1n a separate, high vacuum annealing chamber. The high
vacuum annealing chamber may provide a higher vacuum
than available 1n the remaining portion of the system, for
example 1n situ, where layers of the transducer are deposited.
In some embodiments, the high vacuum annealing chamber
may be capable of achieving pressures not in excess of 9x10™°
Torr. In some such embodiments, the pressure achieved is not
more than 5x10~® Torr. In embodiments, the high vacuum
annealing chamber may be able to achieve pressures of not
more than 2x107® Torr. In some embodiments, the high
vacuum achieved 1n the high vacuum annealing chamber may
be 8107 Torr or less. Thus, the magnetic recording trans-
ducer may be annealed 1n a very high vacuum. The anneal 1n
step 106 may be for a relatively short time, for example at
least five and not more than twenty minutes.

A remaining portion of the tunneling barrier layer 1s pro-
vided, via step 108. The tunneling barrier layer 1s desired to be
a crystalline insulator. Thus, deposition of MgO may con-
tinue 1n step 108. Step 108 occurs after step 106 has been
completed. The remaining portion of the tunneling barrier
layer 1s provided after the annealing of the magnetic record-
ing transducer 1n step 106. The total thickness of the tunneling
barrier layer may range from six through twenty Angstroms.

A free layer for the magnetic element 1s provided, via step
110. Step 110 may include providing one or more layers that
form the free layer. The free layer may also be a SAF, may
include magnetic or other insertion layers and/or have another
structure. In addition, capping or other layers may also be
provided in the magnetic element. In other embodiments,
additional barrier, spacer, pinned and/or other layers might be
provided.

Using the method 100, a magnetic element having
improved characteristics may be achieved. In particular a
high TMR and a low RA may be fabricated. In some embodi-
ments, an RA that is less than 1Q-um” may be attained. In
some embodiments, improved thermal stability, a high
exchange bias, and a high roll off field may also be achieved.
It1s believed that the improved RA and TMR may be obtained
because of improvements 1n the crystallinity and/or stoichi-
ometry of the tunneling barrier layer. The relatively low tem-
perature anneal may result in removal of OH 10ns that would
otherwise be part of the MgO tunneling barrier layer. In
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particular, the atomic ratio of Mg:O may be closer to 1:1 than
for a conventional MgO barrier layer. In some embodiments,
the atomic ratio of Mg:O may be less than 1.2:1 and at least
1:1. Further, the crystallinity of the tunneling barrier layer
may also be improved, resulting in 1improved RA and/or
TMR. Thus, performance of a read transducer fabricated
using the method 100 may be improved.

FIG. 3 1s a flow chart depicting another exemplary embodi-
ment of a method 120 for fabricating a read transducer. For
simplicity, some steps may be omitted or combined with other
steps. The method 120 also may commence after formation of
other structures of the read transducer, such as shields. The
method 120 1s also described 1n the context of providing a
single magnetoresistive structure. However, the method 120
may be used to fabricate multiple structures at substantially
the same time. The method 120 1s also described 1n the con-
text of particular layers. However, in some embodiments,
such layers may include sub-layer(s).

A pmning layer for the magnetic element 1s provided, via
step 122. In some embodiments, step 122 includes depositing,
an AFM layer. For example, IrMn and/or another AFM might
be used. The orientation of the AFM may be set at a later time,
for example by heating the magnetic recording transducer 1n
a field oriented 1n the desired direction. In one embodiment,
the orientation may be perpendicular to the ABS. However,
another direction may be selected 1n another embodiment.

A pinned layer of the magnetic element 1s provided adja-
cent to the pinning layer, via step 124. Step 124 1s analogous
to step 102 of the method 100, discussed above. In one
embodiment, the pinned layer 1s provided on the pinning
layer. In another embodiment, the pinned layer might be
provided after the MgO barrier layer described below. In such
an embodiment, the pinning layer might be provided on the
pinned layer. In one embodiment, the pinned layer 1s desired
to be a SAF. In such an embodiment, step 124 includes depos-
iting at least two antiferromagnetically coupled ferromag-
netic layers separated by a nonmagnetic spacer layer.

A portion of a tunneling barrier layer 1s provided for the
magnetic element, via step 126. The tunneling barrier layer
provided 1s desired to be crystalline and thus may include
MgO. In one embodiment, at least twenty percent of the total
thickness of the tunneling barrier layer 1s deposited 1n step
126. In another embodiment, not less than forty percent of the
total thickness of the tunneling barrier 1s provided. In another
embodiment, not less than eighty percent of the tunneling
barrier layer 1s provided 1n step 126. Other thicknesses and
other percentages are possible. However, less than one hun-
dred percent of the tunneling barrier 1s provided 1n step 126.
In addition, a thin Mg layer, on the order of less than four
Angstroms 1n thickness, may also optionally be provided as
part of the tunneling barrier layer 1n step 126.

The magnetic transducer 1s transferred to a high vacuum
annealing apparatus, via step 128. In such embodiments, the
transducer may be transierred to the high vacuum annealing
chamber while precluding exposure of the transducer to
ambient. Stated differently, the transducer may be transferred
without breaking vacuum. In addition, the high vacuum
annealing chamber may provide a higher vacuum than avail-
able 1n the remaining portion of the system, for example 1n
situ, where layers of the transducer are deposited. For
example, 1n some embodiments, the high vacuum annealing
chamber may be capable of achieving pressures not in excess
of 9x107° Torr. In some such embodiments, the pressures
achieved are not more than 5x10~° Torr. In embodiments, the
high vacuum annealing chamber may be able to achieve pres-
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sures of not more than 2x10~° Torr. In some embodiments, the
high vacuum achieved in the high vacuum annealing chamber
may be 8x10~” Torr or less.

The magnetic recording transducer i1s annealed after the
portion of the tunneling barrier layer 1s provided and the
transducer transferred to the high vacuum annealing chamber,
via step 130. The anneal temperature 1n step 130 1s greater
than room temperature. However, the temperature 1s rela-
tively low, less than four hundred degrees Celsius. In some
embodiments, the temperature used 1s not more than three
hundred degrees Celsius. In some embodiments, the anneal
temperature 1s not more than two hundred degrees Celsius. In
some such embodiments, the temperature 1s at least one hun-
dred degrees Celsius. The time taken for the anneal may also
be very short. For example, in some embodiments, the anneal
1s for five to twenty minutes or less. Thus, the magnetic
recording transducer may be annealed 1n a very high vacuum.

A remaining portion of the tunneling barrier layer 1s pro-
vided, via step 132. Thus, deposition of MgO may continue in
step 132. Step 132 occurs after step 130 has been completed.
The remaiming portion of the tunneling barrier layer 1s pro-
vided after the annealing of the magnetic recording trans-
ducer 1n step 130. The total thickness of the tunneling barrier
layer may range from six through twenty Angstroms. Step
132 may include transterring the transducer from the high
vacuum annealing chamber to a deposition chamber prior to
deposition of the remaining portion of the tunneling barrier.
This transfer may also be performed without exposing the
transducer to ambient.

A free layer for the magnetic element 1s provided, via step
134. One or more layers that form the free layer are thus
deposited 1n step 134. The free layer may also be a SAF, may
include magnetic or other insertion layers and/or have another
structure. In addition, capping or other layers may also be
provided 1n the magnetic element. In other embodiments,
additional barrier, spacer, pinned and/or other layers might be
provided.

The method 130 may have benefits analogous to those of
the method 100. Thus, a magnetic element having improved
characteristics may be achieved using the method 130. In
particular a high TMR and a low RA may be fabricated. In
some embodiments, an RA that is less than 1Q-um* may be
attained. In some embodiments, improved thermal stability, a
high exchange bias, and a high roll off field may also be
achieved. It 1s believed that the improved RA and TMR may
be obtained because of improvements in the crystallinity and/
or stoichiometry of the tunneling barrier layer. The relatively
low temperature anneal, particularly at a high vacuum
achieved 1n the high vacuum anneal chamber, may result 1n
removal ol OH 1ons that would otherwise be part of the MgO
layer. In particular, the atomic ratio of Mg:O may be closer to
1:1 than for a conventional MgO barrier layer. In some
embodiments, the atomic ratio of Mg:O may be less than
1.2:1 and at least 1:1. Further, the crystallinity of the tunnel-
ing barrier layer may also be improved. As a result, RA and/or
TMR may be improved. Thus, performance of a read trans-
ducer fabricated using the method 100 may be improved.

FIG. 4 depicts an exemplary embodiment of a magnetore-
sistive element 200 that may be fabricated using the method
100 and/or 120. The magnetic element 200 may be used 1n a
read transducer. For clanty, FIG. 4 1s not drawn to scale. In
addition, portions of the magnetic element may be omitted.

The magnetic element 200 1includes a pinned layer 202, a
tunneling barrier 204, and a free layer 206. The tunneling,
barrier 204 resides between the free layer 206 and the pinned
layer 204. The pinned layer 202 may be formed 1n step 102 or
124 and may be adjacent to a pinming layer (not shown in FIG.
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4). The free layer may be formed using step 110 or 134 of the
method 100 or 120, respectively. The tunneling barrier 204
may be formed using steps 104-108 or steps 126-132 of the
method 100 or 120, respectively. In the embodiment shown,
the tunneling barrier 204 includes two portions, 204A and
204B. The first portion 204A may be formed before the
anneal, for example 1n steps 104 or 126. While the second
portion 204B 1s formed after the anneal, for example 1n step
108 or 132. The stoichiometry of the tunneling barrier 204
may be closer to what1s desired. For example, for a crystalline
MgQO barrier layer 204, the stoichiometry includes an atomic
ratio of Mg to O of less than 1.2:1 and at least 1:1. Further, the
crystal structure of the crystalline MgO barner layer 204 may
be closer to what 1s desired.

The magnetic element 200 may have improved character-
1stics, such as a high TMR and a low RA. In some embodi-
ments, an RA that is less than 1Q-um” may be attained. In
some embodiments, improved thermal stability, a high
exchange bias, and a high roll off field may also be achieved
for the magnetic element 200. It 1s believed that the improved
RA and TMR may be obtained because of improvements in
the crystallinity and/or stoichiometry of the tunneling barrier
layer. Thus, performance of a read transducer including the
magnetic element 200 may be improved.

FIG. 5 depicts an exemplary embodiment of a read trans-
ducer 210 including a magnetoresistive structure. For clarity,
FIG. 5 1s not drawn to scale. In addition, portions of the
magnetic transducer may be omitted. The magnetic trans-
ducer 210 includes a shield 212, a magnetic element 200",
insulators 216, and hard bias structures 220. In the embodi-
ment shown, the read sensor 200" 1s used 1n a current perpen-
dicular-to-plane (CPP) mode. Thus, the insulators 216 are
included. However, 1n another embodiment, the read sensor
200" may be used 1n a current-in-plane (CIP) mode. In such an
embodiment, the insulators 216 may be omitted.

The magnetic element 200' 1s analogous to the magnetic
clement 200 and thus includes a pinned layer 202, a tunneling
barrier 204" having portions 204A' and 204B', and a free layer
206'. Because the magnetic element 200' 1s fabricated using
the method 100 or 120, the magnetic element 200" may have
improved characteristics, such as a high TMR and a low RA.
As a result, the read transducer 210 may have improved
performance, particularly at high densities on the order ot five
hundred gigabits per square inch or greater.

FIG. 6 1s a flow chart of another exemplary embodiment of
a method 150 for fabricating a magnetic transducer. For sim-
plicity, some steps may be omitted or combined with other
steps. The method 150 also may commence after formation of
other structures of the read transducer, such as shields. The
method 150 1s also described 1n the context of providing a
single magnetoresistive structure. However, the method 150
may be used to fabricate multiple structures at substantially
the same time. The method 150 1s also described 1n the con-
text of particular layers. However, 1n some embodiments,
such layers may include sub-layer(s).

A pmned layer of the magnetic element 1s provided, via
step 152. Step 152 1s analogous to steps 102 and 124 of the
methods 100 and 120, discussed above. A portion of a tun-
neling barrier layer may optionally be provided for the mag-
netic element, via step 154. However, 1n another embodiment,
step 154 may be omitted.

The magnetic transducer 1s transferred to a high vacuum
annealing apparatus, via step 1356. Step 156 may thus be
analogous to step 128. The transducer may be transierred to
the high vacuum annealing chamber while precluding expo-
sure of the transducer to ambient. Stated differently, the trans-
ducer may be transferred without breaking vacuum. In addi-
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tion, the high vacuum annealing chamber may provide a
higher vacuum than available 1n the remaiming portion of the
system, for example 1n situ, where layers of the transducer are
deposited. For example, in some embodiments, the high
vacuum annealing chamber may be capable of achieving
pressures not in excess of 9x107° Torr. In some such embodi-
ments, the pressures achieved are not more than 5x10~" Torr.
In embodiments, the high vacuum annealing chamber may be
able to achieve pressures of not more than 2x10~° Torr. In
some embodiments, the high vacuum achieved in the high
vacuum annealing chamber may be 8x10~" Torr or less.

The magnetic recording transducer i1s annealed after the
transducer transterred to the high vacuum annealing chamber,
via step 158. The anneal temperature 1n step 138 1s greater
than room temperature. However, the temperature 1s rela-
tively low, less than four hundred degrees Celsius. In some
embodiments, the temperature used 1s not more than three
hundred degrees Celsius. In some embodiments, the anneal
temperature 1s not more than two hundred degrees Celsius. In
some such embodiments, the temperature 1s at least one hun-
dred degrees Celsius. The time taken for the anneal may also
be very short. For example, in some embodiments, the anneal
1s for five to twenty minutes or less. Thus, the magnetic
recording transducer may be annealed in a very high vacuum.

A remaining portion of the tunneling barrier layer 1s pro-
vided, via step 160. In some embodiments, 1n which step 154
1s omitted, the entire tunneling barrier 1s provided in step 160.
In some embodiments, the tunneling barrier 1s crystalline
MgQO. Thus, MgO may be deposited 1n step 154. Thus, a thin
Mg layer of not more than four Angstroms may be provided as
part of the tunneling barrier layer 1n step 154 or step 160. The
remaining portion of the tunneling barrier layer 1s provided
alter the annealing of the magnetic recording transducer 1n
step 158. The total thickness of the tunneling barrier layer
may range from six through twenty Angstroms. Step 1356
includes transferring the transducer from the high vacuum
annealing chamber to a deposition chamber prior to deposi-
tion of the remaining portion of the tunneling barrier. This
transfer may also be performed without exposing the trans-
ducer to ambient.

A free layer for the magnetic element 1s provided, via step
162. One or more layers that form the free layer are thus
deposited 1n step 162. The free layer may also be a SAF, may
include magnetic or other insertion layers and/or have another
structure. In addition, capping or other layers may also be
provided 1n the magnetic element. In other embodiments,
additional barrier, spacer, pinned and/or other layers might be
provided.

The method 150 may have benefits analogous to those of
the methods 100 and 120. Thus, a magnetic element having,
improved characteristics may be achieved using the method
150. Although the anneal may take place prior to any portion
of the tunneling barrier layer being formed, the anneal may
still 1improve the stoichiometry and/or crystallinity of the
magnetic element. It 1s believed that the heating of the trans-
ducer in step 158 may provide carry-over heating, which
functions similarly to annealing of an already deposited por-
tion of the tunneling barrier layer. Thus, the benefits of the
methods 100 and 120 may also be achieved using the method
150. Thus, performance of a read transducer fabricated using
the method 150 may be improved.

FI1G. 7 depicts another exemplary embodiment of a mag-
netoresistive element 300 that may be fabricated using the
method 150. The magnetic element 300 may be used 1n a read
transducer. For clarity, FIG. 7 1s not drawn to scale. In addi-
tion, portions of the magnetic element may be omitted.
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The magnetic element 300 includes a pinned layer 302, a
tunneling barrier 304, and a free layer 306. The tunneling
barrier 304 resides between the free layer 306 and the pinned
layer 304. The pinned layer 302 may be formed 1n step 152
and may be adjacent to a pinning layer (not shown in FIG. 7).
The free layer may be formed using step 162. The tunneling
barrier 304 may be formed using steps 154-160 of the method
150. In the embodiment shown, the tunneling barrier 304
includes two portions, 304 A and 304B. The first portion 304 A
1s optional and may be formed before the anneal. The second
portion 304B 1s formed after the anneal, for example 1n step
160. The stoichiometry of the tunneling barrier 304 may be
closer to what 1s desired. For example, for a crystalline MgO
barrier layer 304, the stoichiometry includes an atomic ratio
of Mg to O of less than 1.2:1 and at least 1:1. Further, the
crystal structure of the crystalline MgO barner layer 204 may
be closer to what 1s desired.

The magnetic element 300 may have improved character-
istics, such as a high TMR and a low RA. In some embodi-
ments, an RA that is less than 1Q-um® may be attained. In
some embodiments, improved thermal stability, a high
exchange bias, and a high roll off field may also be achieved
for the magnetic element 300. It 1s believed that the improved
RA and TMR may be obtained because of improvements 1n
the crystallinity and/or stoichiometry of the tunneling barrier
layer. Thus, performance of a read transducer including the
magnetic element 200 may be improved.

FIG. 8 depicts an exemplary embodiment of a read trans-
ducer 310 including a magnetoresistive structure. For clarity,
FIG. 8 1s not drawn to scale. In addition, portions of the
magnetic transducer may be omitted. The magnetic trans-
ducer 310 includes a shield 312, a magnetic element 300",
msulators 316, and hard bias structures 320. In the embodi-
ment shown, the read sensor 300' 1s used 1n a CPP mode.
Thus, the msulators 316 are included. However, 1n another
embodiment, the read sensor 300' may be used 1n a CIP mode.
In such an embodiment, the msulators 316 may be omaitted.

The magnetic element 300" 1s analogous to the magnetic
clement 300 and thus includes a pinned layer 302, a tunneling
barrier 304' having portions 304A' and 304B', and a free layer
306'. Because the magnetic element 300' 1s fabricated using
the method 1350, the magnetic element 300" may have
improved characteristics, such as a high TMR and a low RA.
As a result, the read transducer 310 may have improved
performance, particularly at high densities on the order of five
hundred gigabits per square inch or greater. Thus, perfor-
mance of the transducer 310 may be improved.

We claim:

1. A method for fabricating a magnetic recording trans-
ducer comprising:

providing a pinned layer of a magnetic element;

providing a portion of a tunneling barrier layer for the

magnetic element;

annealing a part of the magnetic recording transducer that

includes the pinned layer and the portion of the tunnel-
ing barrier layer atter the portion of the tunneling barrier
layer 1s provided at an annealing temperature higher
than a room temperature;

providing a remaining portion of the tunneling barrier

layer, the remaining portion being provided after the
annealing of the part of the magnetic recording trans-
ducer; and

providing a iree layer for the magnetic element.

2. The method of claim 1 wherein the annealing tempera-
ture 1s not more than four hundred degrees centigrade.

3. The method of claim 2 wherein the annealing tempera-
ture 1s not more than two hundred degrees centigrade.
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4. The method of claim 1 wherein the annealing tempera-
ture 1s at least one hundred degrees centigrade.

5. The method of claim 1 further comprising:

transferring the part of the magnetic transducer that

includes the pinned layer and the portion of the tunnel-
ing barrier layer to a high vacuum annealing apparatus
betfore the annealing and after the portion of the tunnel-
ing barrier layer 1s formed.

6. The method of claim 5 wherein the step of transterring
the part of the magnetic recording transducer 1s performed
while precluding exposure of the magnetic recording trans-
ducer to an ambient environment.

7. The method of claim 5, wherein the high vacuum 1s not
more than 9x10~® Torr.

8. The method of claim S, wherein the high vacuum 1s not
more than 5x10™° Torr.

9. The method of claim 5, wherein the high vacuum 1s not
more than 2x10™° Torr.

10. The method of claim 5, wherein the high vacuum 1s not
more than 8x10~ Torr.

11. The method of claim 1 wherein the pinned layer 1s a
synthetic antiferromagnet (SAF) including a first ferromag-
netic layer having a first magnetization, a second ferromag-
netic layer having a second magnetization, and a nonmag-
netic layer between the first ferromagnetic layer and the
second ferromagnetic layer.

12. The method of claim 1 wherein the tunneling barrier
layer has a total thickness and the portion of the tunneling
barrier layer 1s not less than twenty percent of the total thick-
ness.

13. The method of claim 1 wherein the tunneling barrier
layer has a total thickness and the portion of the tunneling
barrier layer 1s not less than forty percent of the total thick-
ness.

14. The method of claim 1 wherein the tunneling barrier
layer has a total thickness and the portion of the tunneling
barrier layer 1s not less than eighty percent of the total thick-
ness.
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15. The method of claim 1 wherein the step of providing the
portion of the tunneling barrier layer further includes depos-
iting a first oxide layer and wherein the step of providing the
remaining portion of the tunneling barrier layer further
includes depositing a second oxide layer.

16. A method for fabricating a magnetic recording trans-
ducer having an air-bearing surface (ABS) comprising:

providing a pinned layer of a magnetic element;

providing a portion of a tunneling barrier layer of the
magnetic element, the tunneling barrier layer a total
thickness upon completion, the portion of the tunneling
barrier layer being at least twenty percent and less than
one hundred percent of the total thickness;

transierring a part of the magnetic recording transducer

that includes the pinned layer and the portion of the
tunneling barrier layer to a high vacuum annealing appa-
ratus;
annealing the part of the magnetic recording transducer
that includes the pinned layer and the portion of the
tunneling barrier layer in the high vacuum annealing
apparatus after the portion of the tunneling barrier layer
1s provided at an annealing temperature of at least one
hundred degrees centigrade and not more than two hun-
dred degrees centigrade, the high vacuum annealing
apparatus having a pressure of not more than 5x1078
Torr during the anneal;

providing a remaining portion of the tunneling barrier layer
after the annealing of the part of the magnetic recording
transducer; and

providing a free layer of the magnetic element.

17. The method of claim 16 wherein the step of providing
the portion of the tunneling barrier layer further includes
depositing a first oxide layer and wherein the step of provid-
ing the remaining portion of the tunneling barrier layer fur-
ther includes depositing a second oxide layer.

18. The method of claim 16 wherein the step of providing
the tunneling barrier layer further includes depositing an
oxide layer.
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